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ABSTRACT 
Electron microscopic observations of Streptococcus pyogenes (strain  $43,  type 6) 
treated with trypsin and cetyltrimethylammonium bromide (Cetab)  are presented. 
The concentration of trypsin necessary to remove the M protein antigen was shown 
to bring about a partial digestion of the cells. The cell protoplasm and protoplasmic 
membrane were affected.  No microscopic  changes appeared in  the cell wall.  Cetab 
did not alter the appearance of the cells. 
Both trypsin and detergent altered the permeability of the cell so that citrulline 
and carbamylphosphate were metabolized. Cells exhibiting enzyme activity on these 
substrates after Cetab treatment were characterized by the release of lysine, glutamic 
acid,  nucleic acid, and other cellular  material. 
Enzymes responsible  for  the  metabolism of  arginine,  citrulline,  and  carbamyl- 
phosphate were shown to reside in  the cell protoplasm. Cells  which had lost their 
viability after Cetab treatment still possessed  the ability to utilize  the latter sub- 
strates. Under similar conditions  the metabolism of glucose did not occur. 
Normal ceils were shown to possess  the ability to fluoresce  in  the presence of a 
dye. The intensity of the fluorescence was reduced by trypsin treatment. 
INTRODVCXION 
The  proteolytic enzyme trypsin  was  found  by Lancefield  (1943,  1954)  to 
remove the M and T protein antigens from viable cells of Streptococcus pyogenes. 
The type-specific M  antigen is considered  by many workers to be located in 
the  cell wall of the microorganism. Its presence in cell wall preparations was 
demonstrated  by Salton  (1953).  Barkulis  and  Ekstedt  (1955)  reported  that 
similar material stimulated the formation of M  antibodies in rabbits. 
The effect of trypsin on the structure and metabolism of the group A strep- 
* Supported  in  part by a  contract  (Nonr-1769)  between The Rheumatic Fever 
Research  Institute  and  the  Office of  Naval Research,  Department  of  the  Navy, 
and a  grant-in-aid from the  Chicago  Heart Association. 
:~ Established  Investigator of  the  American Heart  Association.  Present  address 
(after  October  1,  1957), Department  of  Microbiology,  Northwestern  University 
Medical School, Chicago. 
63 
j. G~N. PHYSmL.,  1957, Vol. 41, No. 1 
The Journal of General Physiology64  STUDIES  ON  STREPTOCOCCUS  PYOGENES.  III 
tococcal cell  is unknown.  It was of interest  to  investigate by means  of the 
electron microscope the changes in the structure of the cell brought about by 
the action of trypsin.  The removal of protein  antigens  indicates  a  digestive 
effect on the cell by the enzyme. 
Previous  studies  in  this  laboratory  have  shown  that  the  intact  group  A 
streptococcus cell is unable to utilize citrulline and carbamylphosphate although 
these compounds are known to be intermediates in the metabolism of arginine 
by the organism. This has been demonstrated by the use of cell-free extracts 
obtained from broken cells (Slade,  1953,  1954; Jones et al.,  1955). The ability 
of normal cells to utilize a  compound only after the release of enzymes from 
the interior of the cell can be attributed, at least in part, to the lack of pene- 
tration of the compound to the enzyme sites within the ceil. The utilization of 
citrulline  and carbamylphosphate by the  streptococcal cell after appropriate 
treatment is thus an indication of permeability changes in the cell. 
The effect of trypsin and the cationic detergent,  cetyltrimethylammonium 
bromide, on S. pyogenes has been studied. This report will present the results 
obtained on (I)  the morphology and structure of the cell,  (2)  changes in cell 
permeability  and  the  concurrent  release  of  cellular  material,  and  (3)  the 
metabolism of the microorganism. 
Methods 
Culture of Organisms.--The medium used for the growth of both inocula  and cells 
for the experimental work was prepared as follows: 4 gin.  casitone  (Difco), 2 gm. 
beef extract, 5 gin. L-arginine-HC1,  and  10 gin. yeast extract (Difco)  were dissolved 
in water, the pH adjusted to 7.6, the volume made to 800 ml., and autoclaved. 
One hundred  ml.  of water containing 6 gin.  glucose  and  100 ml.  of water con- 
taining  10 gin.  Na~H-PO4 were autoclaved in separate flasks.  The pH of the latter 
was adjusted to 7.6 before sterilization.  The three solutions  were combined at the 
time of inoculation.  The inoculum  consisted  of 9  ml.  of a  6  hour  culture/liter  of 
broth. Experience has shown  that higher yields of cells were obtained when 1 liter 
volumes/2 liter flask were used rather than larger volumes. Strain $43, type 6, was 
used in this study. 
Preparation  of Cells.--The bacteria were removed from the culture medium after 
16 hours' incubation by centrifugation at 20,000 ×  g for 10 minutes. The cells were 
washed twice with distilled  water and finally centrifuged as above. The centrifuge 
tube was allowed  to drain several minutes and the cells weighed.  Cell suspensions 
for experimental work were prepared in water. Homogeneous suspensions  were ob- 
tained by aspiration through a 20 gauge needle  attached to a  2 ml. syringe. 
Trypsin  Digestion.--4  gin.  washed  ceils  (wet  weight)  were  suspended  in  6  ml. 
0.01 ~  phosphate buffer (pH 8.0) to give a  40 per cent cell suspension.  A solution 
of trypsin in the same buffer was added to the suspension  to give a  final cell sus- 
pension of 25 per cent. The mixture was held in a 37  ° C. water bath for 30 minutes 
and then cooled in ice. The cells were washed three times at 5  ° C. to remove trypsin 
and then resuspended in water to a  10 per cent concentration. Aliquots  were then 
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The trypsin used was a  twice crystallized preparation (Worthington) which con- 
tained 50 per cent MgSO4. The trypsin values in this report refer to the final concen- 
tration of trypsin plus sulfate. 
Detergent  Treatment.--Washed  cells were diluted with water to a  20 per cent con- 
centration.  Two  ml.  of  the  suspension  were  mixed  with  2  ml.  of  cetyltrimethyl- 
ammonium bromide (Cetab)  1 and held 90 minutes at room temperature. The tubes 
were shaken by hand every 15 minutes. At the conclusion of the treatment, the cell 
suspensions were centrifuged and washed three times in distilled water. The washed 
ceils were diluted to 10 per cent with water and used as indicated. 
The  supernatant  fluid plus wash  water  was  dialyzed against distilled water for 
3 days at 3  °  C. The non-dialyzable portion was lyophilized and used for the deter- 
ruination of rhamnose,  M  protein,  C  carbohydrate, and  ultraviolet adsorption be- 
havior. The dialyzate was used for the determination of amino acids. To determine 
the total weight of cell material released, an  aliquot of the supernatant fluid was 
lyophilized without  dialysis and  the  weight  corrected  for  the  quantity  of  Cetab 
present. 
Prepara~ign  of  Antiserum.--S43  cells were  grown  in  brain-heart infusion  broth 
(Hess and  Slade,  1955),  washed,  and lyophilized, A  suspension containing 60  rag. 
dry weight cells/ml, was prepared in 0.85  per cent saline. This suspension (8 ml./ 
tube) was sterilized by holding at 60  ° C, for 2 hours on each of 2 successive days. 
A  rabbit of ca.  3.6 kg. was injected subcutaneously with 12 rag. cells. The injec- 
tion was repeated after 1 day's rest. Five successive daily intravenous injections of 
12 rag. each were then given. After a  week of rest a  second series of five successive 
injections of 24 nag. each was given. Four bleedings were made from the heart at 1 
week intervals commencing 1 week after the final intravenous injection. 
Each 6 ml. of serum was adsorbed with 1 ml. packed cells (type 12) by incubation 
for 3 hours at 37 ° C. followed by ice box storage overnight. After centrifugation the 
adsorption was repeated with strain N19  (type 19). The  serum was centrifuged to 
remove N19 cells and lyophilized. The potency of the serum was found to be strong 
by quantitative precipitin analysis. Fifty ~g. of purified type 6 antigen resulted in 
precipitate formation equivalent to an optical density of 0.60 at 287  m~. The pre- 
cipitate was dissolved in 3 ml. of 0.1 s  NaOH for determination of the optical density. 
All qualitative preclpitin  tests  were  performed  according  to  the  procedure  of 
Swift et al. (1943). The results were read visually and were recorded as 4+, 3+, 2+, 
1 +,  4- and 0. 
Electron Microscopy.--Several  drops of cell suspension were diluted with distilled 
water to a turbidity just visible to the naked eye. A  drop of the  diluted suspension 
was placed upon formvar-coated grids and  dried in air. The grid was then washed 
several times with water, dried at room temperature, and shadowed at 11-12 ° with 
chromium at a distance of 15 cm. from the filament. 
Ma~r~eiric  Procedures.--Standard  Warburg  manometric  procedures  were  used 
to determine enzyme activity. All experiments were done at 37 ° C. and under nitro- 
gen.  The  liberation of  CO2  was used as a  measure  of  the  breakdown  of arginine, 
citrulline, and  carbamylphosphate  2 (CAP).  Glucose was  measured  by  the  method 
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of Folin and Malmros (1929) on the contents of the Warburg cups after centrifuga- 
tion to remove cells. Lactic acid was determined by the method of Barker and Sum- 
merson (1941). 
Plate Counts of Viable CeUs.--Vlable cells remaining in the treated suspensions were 
counted by the pour plate method. All suspensions  were diluted to 0.65 optical den- 
sity (550 m#), exposed to 2 minutes of sonic oscillation,  diluted, and plated (Slade 
and Slamp, 1956). 
Measurement of Fluorescence.--The fluorescence  of treated streptococcal cells was 
measured in a  Coleman photofluorometer (model 12B). The suspension  was exposed 
to an incident light beam of wave length 436 mt~ and the emitted fluorescence  was 
measured through a filter which passed all light above 500 m~. 
Cells were added to 9 ml. water to give an optical density of 0.04 at 550 m/~. 1 ml. 
PNS  (1  t~mole N-phenyl-a-naphthylamine-8-sulfonic acid  3)  was  then  added  and 
the contents mixed. Mter standing for 10 minutes at room temperature, the fluores- 
cence of the dilute suspension  was read. An equal quantity of cells, held in a water 
bath at 90  °  C.  for 5 minutes before addition of PNS,  served as a  measure of the 
maximum fluorescence obtainable with the ceils in question. 
Paper Chromatography.--Amino acids  were  identified  by  descending  chroma- 
tography on S and S No. 507 and Whatman No. 1 papers. 2,4-1utidine  was used as 
a solvent. 
RESULTS 
Treatment with Trypsin 
Observations witk  Electron  Microscope.--Fig.  1  illustrates  normal  strepto- 
coccal cells after being harvested from  the culture medium and washed three 
times in distilled water. At the periphery of the  cell can be seen the cell wall. 
Within the cell,  the protoplasm is enclosed by a protoplasmic membrane. The 
edge of the membrane is in sharp focus in many of the cells. These ceils illus- 
trate a  distinct  separation between the cell wall and the membrane-enclosed 
protoplasm.  Cells  which  were  digested  with  0.15  X  10  -2  mg./ml,  trypsin 
showed  no  marked  changes.  This  concentration  of  trypsin  resulted  in  cells 
which, when extracted and tested for M  protein, produced about one-half the 
normal quantity of precipitate (2-{- reaction). 
Figs. 2 and 3 illustrate the appearance of a number of cells in the suspension 
after treatment with higher concentrations of trypsin. Ceils treated with 1.5  X 
10  -3  mg./ml,  were  just  free  of M  protein  (4-precipitin  reaction)  and  those 
treated with 5  X  10--  ~ mg./ml, gave a  completely negative precipitin reaction. 
In Figs.  2  and  3  the  protoplast membrane is not visible and  action  of the 
enzyme  on  the  protoplasm  is  evident.  No  appreciable  change  beyond  this 
stage  occurred  as  judged  by  microscopic  examination  and  optical  density 
measurements at 550 m/~. 
a Kindly provided by Dr. B. A. Newton, Department of Biochemistry, University 
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No change occurred in the Gram staining reaction after 30 minutes incuba- 
tion with 10  -2 mg./ml, trypsin. After 4 hours, however, all cells were negative. 
In  the  trypsin-treated  suspensions  cells  were  present  which  showed  little 
change from the normal. This may be due in part to a difference in the age of 
the cells.  However, in some cases digested cells  were found within a  chain of 
normal cells.  This would preclude a  marked difference in the age of digested 
FIG.  1.  Cells of S.  pyogenes, no treatment 
and undigested cells. Table I  shows (column 3) that in the presence of trypsin 
the number of viable cells increased 10 per cent. 
The removal of antigenic protein from the cell wall of S. pyogenes by trypsin 
did not alter the structural features of the cell wall (Figs.  1, 2; Table I). The 
absence of arginine in  the cell walls of these streptococci possibly limits  the 
number of lysine amide and  ester linkages  that are susceptible to  attack by 
trypsin. The other principal amino acids present in the walls are glutamic acid 
and alanine. FIG.  2.  Cells of S. pyogenes treated  with  1.5  X  10  -e mg./ml,  trypsin  for 30 min- 
utes at 37  ° C. 
Fro.  3.  Cells of S. pyogenes treated  with  5  X  10  -~ mg./ml,  trypsin  for  30  min- 
utes at 37  ° C. 
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Effect  on  Enzyme  Activity.--The  rote  of  metabolism  of  arginine  by  cells 
treated  with trypsin was the same as the  control, except for a  loss of 20 per 
cent at a  trypsin level of 10 X  10  -3 mg./ml. (Table I). At this point damage to 
the cell has probably resulted in the destruction of a  part of the enzyme pro- 
tein. 
The  concentration of trypsin  (0.15  X  10  -3 mg./ml.)  which removed about 
one-half of the M  protein was not sufficient to enable those cells to metabolize 
TABLE I 
Effect of Trypsin on the Removal of M. Protein and the Metabolism of S. pyogenes 
Enzyme 
concentration 
X  10  -I rag./ml. 
0 
0.015 
0.15 
1.5 
2.5 
5.0 
10.0 
M protein 
precipitin test 
1 mg./ml. 
4+ 
4+ 
2+ 
.4_ 
0 
0 
0 
Viable cells 
Colonies/ml. X 107 
208 
2O3 
235 
224 
0CO~* 
57  0  0 
57  0  0 
56  0  0 
58  2  5 
59  8  15 
60  26  30 
48  9  18 
Q  glu@o~ 
3.8 
4.2 
3.8 
3.6 
4.1 
* The/z liters  of CO2 evolved/hr./mg, dry weight  of streptococci  (calculated  from the 
C(h evolved between 4 to 12 minutes with arginine and citruLline and between 0 to 4 minutes 
with carbamylphosphate). 
Cup contents: 0.5 ml. 10 per cent cell suspension (ca. 8 rag. dry weight of cells), 250/~ 
moles phosphate  buffer pH 5.8, 3 #  moles adenoslnediphosphate,  10/~  moles MgSO4, 6/z 
moles L-arginine or r.-citrulline or carbamylphosphate,  water to 3.0 ml. 
The/a moles of glucose removed/hr./rag, dry weight  of streptococci  (calculated  from 
the glucose removed in the first 15 minutes). 
Cup contents: 0.5 ml. 15 per cent cell suspension, 10/~ moles glucose, 3/~ moles adenosine- 
triphosphate,  250/z moles phosphate  buffer pH 6.5, water to 3.0 ml. 
citrulline  or  CAP  at  an  appreciable  rate.  Cells  treated  with  2.5  and  5.0  X 
10  --2 mg./ml,  trypsin however, showed marked activity on each substrate  and 
were completely free of M  protein (Table I). At a  concentration of 10 X  10  -3 
mg./ml, trypsin, the enzymatic activity has begun to decrease on each of the 
nitrogenous substrates. 
The alteration of the protoplasmic membrane by trypsin (Fig. 2) corresponds 
to the appearance of enzyme activity on citrulline  and CAP (Table I). Diges- 
tion  of  the  cell  with  a  higher  concentration  of enzyme  (Fig.  3)  resulted  in 
increased activity on the two substrates.  The protoplasmic membrane and the 70  STUDIES  ON  STREPTOCOCCUS  PYOGENES.  HI 
structures associated with it may, in part, constitute the permeability barrier 
to citrulline and CAP in S. pyogenes. 
It has been found that cells grown in brain-heart infusion broth to which 
had been added 5  >(  10  -~ mg./ml,  trypsin were devoid of M  protein and at 
the same time possessed activity on arginine, citrulline, and CAP. The enzy- 
matic activity was  comparable  to  that  found when cells were grown in  the 
absence of trypsin and then treated with the enzyme (Table I). 
The metabolism of citrulline and  CAP  takes place at  a  much slower rate 
than that of arginine (Table I). The rate of metabolism of citrulline and CAP 
when they reach the enzymes of the cell should be equivalent to or greater 
than  the  rate  at  which  arginine  is  metabolized. The rate  of metabolism of 
citrulline and  CAP may thus be an indication of the time required for these 
substrates to reach the enzyme sites within the cell as compared to arginine. 
This rate varied from 2- to 10-fold depending on the concentration of trypsin 
used. As the concentration of trypsin was increased the rate of penetration also 
increased. 
Dinitrophenol and azide did not prevent the metabolism of the substrates 
by trypsin-treated cells.  No evidence was obtained to indicate an enzymatic 
mechanism for the transport of the substrates to the enzyme sites within the 
cell. 
Column 7 of Table I  shows that the rate of breakdown of glucose was not 
markedly affected by treatment of the cells with trypsin. An examination of 
the products of breakdown of glucose by strain $43 showed that about 90 per 
cent of the sugar had been converted to lactic acid. This was typical of most 
strains of group A hemolytic streptococcus. Adenosinetriphosphate (ATP) was 
used in the experiments reported in Table I. The rate of removal of glucose by 
control cells was increased only 15 per cent by 3 #moles of ATP. Cells treated 
with 10 X  10  -3 mg./ml, trypsin showed an increase of 25 per cent. 
Fluorescence.--Weber and Laurence (1954) have shown that serum albumin 
and heat-denatured protein react with N-tolyl-a-naphthylamine-8-sulfonic acid 
to produce a  conjugate which fluoresces when excited by light of wave length 
436 m#.  Newton  (1954)  showed that  cells of Pseudomonas aeruginosa which 
had been treated with polymyxin reacted with the dye to produce a fluorescent 
conjugate. No fluorescence was observed when normal cells were suspended in 
the dye. 
It has been observed (Table II)  that normal S. pyogenes cells fluoresce  in 
the presence of N-phenyl-a-naphthylamine-8-sulfonic acid.  The intensity of 
the fluorescence was about one-half of that obtained when normal cells  held 
for 5 minutes at 90  °  C. were used as a  positive control.  The fluorescence was 
reduced  18  per  cent when  the  cells were treated  with  1.5  X  10  -~  mg./ml. 
trypsin, and 40 per cent with cells treated with 10 X  10  -~ mg./ml, trypsin. 
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the normal streptococcal cell was capable of reacting with the dye molecules 
to produce a fluorescent compound. This surface protein was removed in part 
by trypsin. On the other hand,  the internal protein of the cell which was at- 
tacked by the enzyme (Figs. 2, 3), was either not reached by the dye molecules 
or did not react with them. 
Treatment with Cetab 
Observations  with  Electron  Microscope.--Fig.  4  illustrates  S.  pyogenes  cells 
which have been suspended in a 0.05 per cent solution of Cetab (13/1 ratio of 
cells to detergent) for 90 minutes at room temperature. No marked changes in 
these cells can be seen.  The cell wall and protoplasmic membrane appear to be 
intact. 
TABLE II 
Fluorescence of Trypsin-Treated and Cetab-Treated Cells of S. pyogenes 
Per cent fluorescence 
Trypsin,  X  10-2 mg./ml.  Cetab, celI/Cetab (dry weight) 
0,  0,  ,__,o  0*  0  74/1____13/1  4/1 
100  66  66  80  76 
* Positive control cells held in water suspension for 5 minutes at 90°C. 
2~ It has been found that the degree of fluorescence exhibited by normal cells was variable. 
In 4 experiments the per cent fluorescence ranged from 40 to 66. 
Effect on Cell Viability.--Column  2 of Table III shows that the most active 
cell suspension on citrulline and CAP (13/1 ratio) contained only 1 per cent as 
many viable  cells  as  the  control.  Treatment  of  cells  with  additional  Cetab 
(4/1  ratio)  resulted  in  a  reduction of the  viable  count  to  a  negligible value 
compared  to  the  control.  Considerable  activity on  the  three  substrates  still 
existed however, even though the suspension was essentially non-viable. The 
small  increase  in viable  cells  in  the  suspension  treated  with  a  74/1  ratio  of 
cells/Cetab  has  been  obtained  in  several  repeat  experiments.  The  difference 
varied between 5 and 15 per cent. The reason for the increase is not known. It 
was probably not due to a break-up of the chains of cells because the suspension 
was oscillated before plating (Slade and Slamp,  1956). 
Effect  on  Enzyme  A ctivity.--It  was  of  interest  to  determine  the  effect  of 
Cetab on the permeability of S. pyogenes to the substrates tested above. Table 
III shows that  normal  cells  were  unable  to  utilize  either  citrulline  or  CAP. 
Treatment  of these  cells  with  Cetab  at  a  74/1  ratio  resulted  in  cells  which 
were able to metabolize CAP at a low rate (Qco2 30). Citrulline was not utilized. 
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FIG.  4.  Cells of S.  pyogenes  treated with cetyltrimethylammonium  bromide  (13/1 
ratio of cells/detergent) for 90 minutes at 25 ° C. 
TABLE III 
Effect of Cetab on the Metabolism o.f S. pyogenes 
Ratio 
cells/Cetab 
rag. dry weight 
74/1 
13/1 
4/1 
Viable cells  M antigen  in cells 
colonies/ml. 
>( 103 
118,000  4+ 
140,000  4-t- 
1,360  4+ 
<1  4+ 
OC02 
74  0 
81  30 
61  127 
38  102 
Q~ glucose 
3.5 
2.0 
0 
0 
*, :~ Experimental  conditions same as in Table I. 
both citrulline and  CAP. A  higher concentration of Cetab  (4/1)  resulted in a 
somewhat lower rate of enzyme activity on arginine as  well as  citrulline and 
CAP.  This may be  due  in part  to  a  denaturation  of enzyme protein  by  the 
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The results also show (Table III)  that the metabolism of CAP by the S. 
pyogenes cells was a  more rapid reaction than any of the enzymatic reactions 
concerned in the formation of CAP from arginine. With trypsin-treated cells, 
however, Table I  shows that the rate of metabolism of arginine was always 
faster than either of the other two substrates. In view of the generally lower 
activity of these cells,  it is most likely that the difference was due to slower 
rate of penetration of substrate to enzyme. The metabolism of arginine shows 
that  the  enzymes necessary for  the  utilization of  citrulline and  CAP  were 
present in the trypsin-treated cells. It is evident, therefore, that the changes 
brought about in the cell by treatment with detergent were more favorable for 
the metabolism of arginine, citrulline, and CAP than those brought about by 
treatment with enzyme. 
In contrast to trypsin, cells treated with Cetab lost their ability to utilize 
glucose (Table IH). An inhibition of 40 per cent is seen at a  cell/Cetab ratio 
TABLE  IV 
Analysis of Soluble Substances Rdeased from S. pyogenes  by Cetab 
\  Ratio cells/Cetab 
rag. dry w~ghI 
74/1 
13/2 
4/1 
Non-dialyzable 
material 
#er cent  of  cell 
1.5 
3.8 
11.1 
10.9 
Adsorption  at 
260 m/~ 
loo #g./ml. 
0.066 
0.O98 
0.150 
0.294 
Precipitin  tests 
M antigen  C carbohydrate 
1 mg./r,*I,  1 r,  tg.pnl. 
2+  1+ 
2+  1+ 
2+  1+ 
Rhamnose 
1.3 
2.3 
5.1 
5.5 
In this experiment 4 ml. of a 20 per cent cell suspension (containing 120 rag. dry weight 
cells) was employed in each case. 
of 74/1. At the higher concentrations of detergent the inhibition was complete. 
It is evident that Cetab is an effective inhibitor of the utilization of glucose 
by S. pyogenes. 
A strong positive test for M  protein was obtained with all cells after Cetab 
treatment. Although marked permeability changes did occur, the microscopic 
observations  (Fig.  3),  precipitin  tests,  and  rhamnose  values show  that  the 
detergent did not cause a significant quantity of the cell wall to be destroyed. 
Fluoresceme.--Table  IT  shows  that  the  fluorescence  of  normal  cells  was 
slightly increased  when  treated  with  Cetab  at  ratios  of  13/1  and  4/1.  No 
change occurred at a ratio of 74/1. These results indicate that the protein on 
the  surface of the cell was not exposed by the  detergent. The permeability 
changes which accompanied treatment with the detergent most likely occurred 
in structures beyond the surface of the cell (protoplasmic membrane?). 
Release of Cell Mater/a/.--Salton  (1951)  has shown that Cetab  caused the 
release of glutamic acid from S. faecalis cells.  An increase in material which 
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a  cell/Cetab ratio of 15/1 the release of these substances was at its maximum. 
Column  2  of Table IV  shows  that  the  quantity of non-dialyzable material 
which "leaked out" of the cells of S. pyogenes increased with detergent con- 
centration until a  13/1 ratio was reached. At a  4/1 ratio the quantity of cell 
material in  the supernatant was about the same as at  the previous concen- 
tration. The maximum rate of metabolism of citrulline and CAP was reached 
at these levels (Table III). 
Weak positive tests for the M  and  C  antigens were also obtained on the 
non-dialyzable cellular materials  (Table IV). The rhamnose content of each 
extract was about 0.5 per cent. 
These results indicate that the materials which were released at the lower 
concentrations of  detergent were made  up  principally of  substances  of  low 
TABLE V 
Activity of Arginine, Citrulline,  and Carbaraylphosphate Metabolizing  Enzymes in Sonic Extracts 
of S. pyogenes 
Substrates 
Lrginine.. 
:itrunine  ...... 
:arbamylphosp~te. 
:xtraets, rag. dry wright total, 
Per cent of enzyme activity in soluble fractions 
Time of oscillation 
0 to 0.5 
hr. 
54 
54 
59 
425 
0.5tol.0 
hr. 
38 
38 
33 
350 
1.0 to 2,0 
hrs. 
200 
2.0 to 3.0 
hrs. 
<1 
<1 
<1 
30 
20 ml. of 30 per cent washed cell suspension (containing 900 mg. dry weight cells) was 
oscillated at 2°C. for the periods indicated. The oscillated suspension was washed once with 
5 ml. water after centrifugation in each instance. 
molecular weight such as amino acids. Chromatographic assay on paper of the 
13/1  extract  showed  that  the  amino  acids  present  were  composed in  large 
measure  of  lysine  and  glutamic acid,  with  traces  of serine,  alanine,  valine, 
methionine, and leucine. Consequently S. pyogenes  differs from S. faecalis in 
that lysine, as well as glutamic acid, was released in considerable quantity by 
Cetab treatment. 
Location  of Enzymes in Cell 
It was of interest to determine the approximate location within the cell of 
those enzymes that have been used here to judge changes in permeability of 
the  cell.  Slade  and  Vetter  (I956)  have shown  that S.  pyogenes  ceils  (strain 
$43) were ruptured by sonic oscillation with the release of the internal contents 
of the cell. The latter was shown to contain particles of 50 to 100 mix diameter 
which could not be sedimented after centrifugation at 20,000 ×  g for ~  hour. ~urroN D.  snout.  75 
Table V shows the distribution in sonic extracts of the enzymes concerned 
with the metabolism of the three substrates. No significant activity remained 
in the cell debris at the conclusion of the oscillation; hence the total enzyme 
content of the cell has been released into the extracts. It is apparent that (1) 
during the 1st hour of oscillation, the period of extensive cell rupture, 92 per 
cent of the enzyme activity in each case was found in the soluble extract, and 
(2) the proportionate distribution of the enzyme activity for each substrate in 
each extract strongly indicates that all of the enzymes of the arginine system 
were located in that part of the streptococcal cell confined by the protoplasmic 
membrane.  It follows that passage  across  this  membrane was  essential for 
metabolism of this amino acid and its intermediates to occur. 
DISCUSSION 
It is shown that a concentration of trypsin 3-fold greater than that required 
to remove M protein was necessary for the cell to become permeable to citrulline 
and CAP. Microscopic evidence of the destruction of the protoplasmic mem- 
brane indicated that an alteration of the membrane was a  necessary step in 
order that the enzymes residing within the cell might be accessible  to otherwise 
impermeable substrates. The action of Cetab may be directed against the mem- 
brane,  even though changes in  the membrane are  not clearly evident.  The 
release of nucleoprotein, amino acids, and the passage of citrulline and car- 
bamylphosphate into the cell, however, indicate that alterations to the mem- 
brane have occurred. In both cases the substrates appear to enter the cell by 
diffusion. 
M  antigen is considered to be located entirely at or near the surface of the 
cell wall (Lancefield, 1954). It is reasonable, however, depending on the site of 
synthesis of the antigen, to assume that it may be found in other parts of the 
cell. The removal of the protein by trypsin resulted in damage to the proto- 
plasm of the  cell  (Fig. 2).  Slade and Vetter  (1955)  showed that M  protein 
was quickly released from S. pyogenes by sonic oscillation. Sharp et aL (1957) 
found that L forms which appear to lack cell wall may contain M antigen. The 
enzymatic synthesis of the protein may take place in the protoplasm and in the 
protoplasmic membrane. This may involve a  polymerization of "amino acid 
units" in the membrane to form the active protein. The passage of M  antigen 
across the cell wall would result in a concentration at the cell surface. 
It is of interest that the enzymes concerned with arginine metabolism were 
highly active even though the cells were non-viable. In contrast the ability to 
utilize glucose was absent in the non-viable cells. 
The author wishes to express his appreciation  to Dr. J. P. Marbarger,  University 
of Illinois School of Medicine, for making available the electron microscope at that 
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